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Related Applications 

[0001] This application claims priority to U.S. Provisional Application 
60/390,575 filed June 21, 2002, which is hereby incorporated by reference in its 
entirety. 

Field of the Invention 

[0002] The invention relates to thermal control of a semiconductor wafer, and 
more particularly, the invention relates to a dual zone gas distribution apparatus 
and method for distribution of gas at a backside of a wafer. 

Description of the Related Art 

[0003] The fabricating and processing of semiconductor wafers to produce 
individual integrated circuits (IC's) is well known in the art. In one widely used 
manufacturing method a wafer (e.g., an eight inch diameter, silicon wafer) is 
chemically and photographically processed through a number of steps to produce a 
multitude of very closely spaced and precisely detailed IC's on the wafer. As part 
of its processing, a wafer may be exposed within a reactor to a highly active 
plasma of special gas or gases in order to etch, by means of reactive ions of the 
gases, very fine details (lines, zones, etc.) into a top surface of a wafer being 
processed. The wafer is subsequently cut into individual IC's. 
[0004] A typical plasma etching apparatus comprises a reactor in which there is 
a chamber through which reactive gas or gases are flowed. Within the chamber 
the gases are ionized into a plasma, typically by radio frequency energy. The 
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highly reactive ions of the plasma gas are able to react with material, such as a 
polymer mask on a surface of a semiconductor wafer being processed into IC's. 
Prior to etching, the wafer is placed in the chamber and held in proper position by 
a chuck or holder which exposes a top surface of the wafer to the plasma gas. 
There are several types of chucks (also sometimes called susceptors) known in the 
art. The chuck provides an isothermal surface and serves as a heat sink for the 
wafer. In one type, a semiconductor wafer is held in place by electrostatic force 
generated by an electric field between the chuck and wafer. The present invention 
is applicable to both mechanical and electrostatic types of chucks. 
[0005] During etching in a typical plasma etching operation, the reactive ions of 
the plasma gas chemically react with portions of material on a face of the 
semiconductor wafer. Some processes are exothermic and cause some degree of 
heating of the wafer, but most of the heating is caused by the plasma. The 
chemical reaction between gas (ions and radicals) and wafer material, on the other 
hand, is accelerated to some degree by the temperature rise of the wafer. Local 
wafer temperature and rate of chemical reaction at each point on the wafer are 
interrelated such that harmful unevenness in etching of material over a face of the 
wafer can easily result if the temperature of the wafer across its area varies too 
much. In most cases it is highly desirable that etching be uniform to a nearly 
perfect degree otherwise the IC's fabricated will have electronic characteristics 
which deviate more than is desirable. Furthermore, with each new increase in the 
size of wafer diameter, going from four inch to six to eight and to twelve inch 
diameter wafers, the problem of insuring uniformity of each batch of IC*s from 
larger and larger wafers becomes more difficult. 

[0006] The problem of temperature rise of a wafer during reactive ion etching 
(RIE) is well known, and various attempts in the past to control the temperature of 
a wafer during etching have been tried. One previous way to control wafer 
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temperature during RIE has been to admit coolant gas (such as helium) within a 
thin space between the bottom of the wafer and the top of the chuck which holds 
the wafer. However, past arrangements of this sort have not been entirely 
effective in adequately controlling temperature rises and variations in wafer 
temperature. This is particularly so with larger diameter wafers. 
[0007] U.S. Patent No. 5,609,720 describes an apparatus for improving control 
of the temperature of a semiconductor wafer by providing a plurality of zones of 
coolant gas at different pressures. For example, three concentrically arranged 
zones of coolant gas may be used with the highest pressure coolant gas at a center 
of the wafer to provide even temperature control across the wafer. 
[0008] It is desirable to provide an apparatus for multiple zone gas distribution 
to a semiconductor wafer which allows rapid transition time between wafer 
processing steps. It is also desirable to provide a multiple zone gas distribution 
apparatus which allows accurate detection of dechucking of the wafer from the 
chuck. 

Sununary of the Invention 

[0009] The present invention relates to a dual zone gas distribution apparatus for 
distributing gas at separate pressures at a backside of a wafer. 
[0010] In one embodiment, a multiple zone gas distribution apparatus for 
controlling temperature across a workpiece during processing comprises a chuck 
having a top face configured to hold a workpiece during processing, the chuck top 
face defining inner and outer zones between the top face of the chuck and the 
workpiece into which zone coolant gas may be admitted, inner and outer zone feed 
lines for feeding the coolant gas to the inner and outer zones of the chuck, a 
pressure and flow control system for supplying zone coolant gas to the feed lines 
with separate pressure for the inner and outer zones controlled to control the 
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temperature across the workpiece, and inner and outer zone bleed lines connected 
to the inner and outer zone feed lines between the pressure and flow control 
system and the chuck, the inner zone bleed line having a fixed orifice for 
continuous bleeding of the pressure of the inner zone during processing of the 
workpiece, and the outer zone bleed line having a evacuation valve for pressure 
release. 

[0011] In a further embodiment, an apparatus for detecting dechucking in a 
multiple zone wafer cooling system comprises a chuck having a top face 
configured to hold a workpiece during processmg, the chuck top face defining 
inner and outer zones between the top face of the chuck and the workpiece into 
which zone coolant gas may be admitted, first and second zone feed lines for 
feeding the coolant gas to the inner and outer zones of the chuck, a pressure and 
flow control system for supplying zone coolant gas to the feed lines with separate 
pressure for the first and second zones controlled to control the temperature across 
the workpiece, and first and second zone bleed lines connected to the first and 
second zone feed lines between the pressure and flow control system and the 
chuck, the first zone bleed line having a fixed orifice for continuous bleeding of 
the pressure of the first zone during processing of the workpiece. The pressure 
and flow control system for supplying coolant gas to the second zone feed line 
provides a signal indicating dechucking when the flow rate increases more than a 
predetermined amount. 

[0012] In another embodiment, a method of distributing cooling gas to a 
backside of a workpiece in a semiconductor processing chamber comprises holding 
a workpiece on a top face of a chuck, the chuck top face defining inner and outer 
zones between the top face of the chuck arid the workpiece into which zone coolant 
gas may be admitted, supplying zone coolant gas to the inner and outer zones, 
controlling the pressures of the zone coolant gas to maintain separate pressures for 
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the inner and outer zones to control the temperature across the workpiece, and 
continuously bleeding of the inner zone coolant gas through an inner zone bleed 
line orifice during processing of the workpiece, and bypassing the inner zone bleed 
line orifice to evacuate the inner zone coolant. 

[0013] In another embodiment, a method of detecting dechucking in a multiple 
zone wafer cooling system comprises holding a workpiece on a top face of a 
chuck, the chuck top face defining first and second zones between the top face of 
the chuck and the workpiece into which zone coolant gas may be admitted, 
supplying zone coolant gas to the first and second zones, controlling the pressures 
of the zone coolant gas to maintain separate pressures for the first and second 
zones to control the temperature across the workpiece, and continuously bleeding 
the first zone coolant gas through an inner zone bleed line orifice during 
processing of the workpiece, and detecting dechucking by sensing when a flow 
rate of zone coolant gas to ttie second zone increases more than a predetermined 
amount. 

Brief Description of the Drawing Figures 

[0014] The invention will now be described in greater detail with reference to 

the preferred embodiments illustrated in the accompanying drawings, in which like 

elements bear like reference numerals, and wherein: 

[0015] FIG. 1 is schematic view of the gas distribution apparatus. 

[0016] FIG. 2 is a schematic perspective view of a chuck and wafer with the 

wafer partially broken away to show details of the top face of the chuck. 

[0017] FIG. 3 is a graph showing transition time for evacuating the gas 

distribution apparatus. 
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Detailed Description of die Invention 

[0018] FIG. 1 illustrates a gas distribution apparatus for delivery of a coolant 
gas, such as helium, to an upper surface of a chuck 14 for controlling a 
temperature of a wafer W placed on the chuck. The gas distribution apparatus 
allows first and second zones, such as an inner zone 16 and an outer zone 18 of 
the chuck 14 to be supplied with a coolant gas at different pressures for control of 
the temperature across the wafer W. The gas distribution apparatus 10 includes a 
pressure and flow control system for supplying the coolant gas at selected 
pressures and bleed lines which provide the dual function of allowing rapid 
evacuation of the inner and outer zones and preventing excess pressure from one 
zone from migrating to another zone. 

[0019] As illustrated in FIG. 2, an enlarged schematic perspective view of die 
chuck 14, the chuck top face 20 has two sets of small circular holes 24 arranged in 
a circular pattern and positioned within shallow grooves 26, 28 in the top face of 
the chuck. The grooves 26, 28 provide for easy circumferential flow of zone 
coolant gas beneath the wafer W and along the top face 20 of the chuck 14 in each 
of the zones 16, 18. Zone coolant gas passes from the holes 24 up into the 
shallow grooves 26, 28 and beneath the wafer W. The coolant gas may be 
exhausted down through the holes 24. By providing the multiple zones 16, 18 of 
coolant gas delivery, the temperature of the wafer W across its area from the 
center to the rim of the wafer is effectively controlled. Although two coolant 
zones 16, 18 have been illustrated, other numbers of concentric coolant zones may 
also be used. Further, coolant zones of other shapes may also be used. 
[0020] With respect to FIG. 1, the gas distribution apparatus 10 is provided with 
a coolant gas source 32 from which the coolant may optionally pass through a 
filter 34 to a pressure and flow control system which includes an inner zone 
pressure and flow control system 36 and an outer zone pressure and flow control 
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system 38. The control systems 36, 38 deliver the coolant via inner and outer feed 
lines 42, 44 to the inner and outer zones 16, 18 of the chuck 14. Isolation valves 
46 are provided in the inner and outer feed lines 42, 44 to allow isolation of the 
gas distribution apparatus 10 upon removal of the wafer W from the chuck 14. 
[0021] Inner and outer bleed lines 52, 54 are connected to the inner and outer 
zone feed lines 42, 44 for the purpose of relieving excess pressure from the inner 
and outer zones 16, 18 and/or for evacuating the inner and outer zones. The inner 
bleed line 52 is provided with an optional inner zone ballast valve 58 which is 
generally left open to allow coolant to continuously pass to a fixed orifice 60. The 
fixed orifice 60 allows for continuous bleeding of the pressure at the inner zone 16 
of the chuck 14 during processing of the wafer W and prevents excess pressure 
from the inner zone from migrating into the outer zone 18. 

[0022] The diameter of the fixed orifice 60 for allowing continuous bleeding of 
the inner zone bleed line 52, has a diameter which is selected to substantially 
prevent high pressure coolant gas from the inner zone 16 from migrating to the 
outer zone 18 while being small enough to prevent a loss of pressurization of the 
inner zone. For example, the fixed orifice 60 may have a diameter of about 0.03 
inches to about 0.15 inches, preferably the orifice has a diameter of about 0.08 
inches or less. The fixed orifice is positioned and a line 68 which connects the 
inner zone bleed line 52 to a coolant exhaust 70. Although a fixed orifice 60 has 
been shown and described, an adjustable orifice may also be used if set to an 
appropriate opening size to provide continuous pressure release from the inner 
zone. 

[0023] In order to evacuate the inner zone 16, the inner zone bleed line 52 is 
provided with an inner zone evacuation valve 66 which is positioned in parallel 
with the fixed orifice 60 and allows the coolant gas from the inner zone to bypass 
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the fixed orifice 60 and be delivered directly to the coolant exhaust 70 when 
evacuation of the inner zone 16 is desired, 

[0024] The outer zone bleed line 54 is provided with an evacuation valve 64 
which is normally closed during processing and is opened for evacuation of the 
coolant gas from the outer zone 18. The outer zone 18, due to its position at an 
exterior of the wafer W and chuck 14, can bleed between the wafer and chuck into 
the surrounding chamber durmg processing. Thus, continuous bleeding of the 
outer zone 18 by the outer bleed line 54 is not required. 

[0025] In providing the evacuation valves 64, 66 the gas distribution apparatus 
10 is capable of being evacuated very quickly to allow removal of the wafer W 
from the chuck 14. Quick evacuation is important to improve throughput by 
reducing the transition time for evacuating the gas distribution apparatus. As 
shown in FIG. 3, the helium backside pressure between the chuck 14 and the 
wafer W drops from a pressure of about 30 torr to a pressure of about 8 torr in 
less than 3 seconds. This transition time is significantly better than the about 8 to 
10 second transition time of the known systems. 

[0026] The inner and outer zone control systems 36, 38 may each be formed as 
an integrated system including a pressure sensor 80, a controller 82, and a flow 
control valve 84. Alternatively, the pressure and flow control systems 36 and 38 
may include an independent pressure sensor and flow controller. 
[0027] According to one embodiment of the invention, the outer zone control 
system 38 also provides a sensing system for sensing dechucking of the wafer W 
from the chuck 14. Dechucking of the wafer W is sensed when a sudden pressure 
drop in the outer zone 18 is sensed by the outer control system 38. The ability to 
sense dechucking with the outer control system 38 is significantly improved by the 
use of the fixed orifice 60. The fixed orifice 60 allows continuous bleeding of the 
inner zone 16 and prevents migration of excess pressure from the inner zone to the 
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outer zone 18 which may distort any possible sudden pressure change which would 
indicate dechucking. A small amount of coolant gas from the outer zone 18 
continuously bleeds between the wafer W and the chuck 14 radially outwardly into 
the surrounding chamber. When dechucking occurs the amount of coolant gas 
bleeding into the chamber between the wafer W and the chuck 14 suddenly 
increases because the gap between the wafer and the chuck has increased. This 
results in a corresponding sudden decrease in the pressure at the outer zone 18 
which can be sensed by the control system 38 and can very accurately indicate 
when dechucking has occurred. This accurate indication of dechucking is 
important to prevent damage to wafers which occurs when wafers are lifted prior 
to complete dechucking. The accurate indication of dechucking also assists in 
increasing throughput because the wafers can be lifted immediately upon indication 
of dechucking without waiting an additional time period to ensure that dechucking 
is complete. 

[0028] Although the present invention has been described for use in processing a 
semiconductor wafer in a semiconductor wafer processing chamber, it should be 
understood that the invention may also be useftil for delivering a coolant gas to 
other work pieces. 

EXAMPLE 

[0029] The following is one example of a method for cooling a wafer using the 
multiple zone gas distribution apparatus 10 of FIG. 1. 

[0030] A wafer W is placed onto the chuck 14 for processing and the isolation 
valves 46 and ballast valve 58 are set to their normally open position for delivery 
of coolant to the back side of the semiconductor wafer. The inner and outer 
pressure and flow control systems 36, 38 deliver coolant gas from the coolant gas 
supply 32 to the back side of the semiconductor wafer at different pressures. For 
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example, the inner zone 16 may be set at a high pressure while the outer zone 18 
is set at a lower pressure. After one or more processing steps have been 
performed on the wafer W it may be desirable to change the inner and outer zones 
16, 18 to different pressures for one or more additional processing steps. A quick 
increase in pressure of one or more of the zones is controlled by the inner and 
outer control systems 36, 38, while a quick decrease in pressure is controlled by 
the control systems in combination with the evacuation valves 64, 66. For the 
second one or more processing steps the outer zone 18 may be set at a high 
pressure and the inner zone 16 may be set at a low pressure. The particular 
pressures, sequences of pressures used, and durations of pressures used all depend 
on the particular processing steps which are performed on the wafer. Upon 
completion of wafer processing, the back side coolant gas is evacuated quickly by 
opening the evacuation valves 64, 66. 

[0031] Sensing the pressure in the outer zone 18 with the control system 38 may 
be used as an indication of dechucking of the wafer. Upon dechucking of the 
wafer the isolation valves 46 and the optional ballast valve 58 are closed to isolate 
the gas distribution apparatus 10 during removal of the wafer W and delivery of a 
next wafer to the chuck 14. 

[0032] While the invention has been described in detail with reference to the 
preferred embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 
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